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and the double-acting duplex (or the quadruplex) forms, each with externally
packed rams single-acting in action at each end.
It is now quite common practice to deal with heads of 2000 ft. or so in
a single lift, and leading manufacturers have quite a number of their pumps
regularly operating against a 3000-6:. head with perfect success.
Owing to the severe duty encountered by these pumps it will be interest-
ing to consider the principal points of design. For high pressures the general
arrangement will usually be horizontal, as this gives greater rigidity, and
enables the machinery to better withstand the alternations of stress inseparable
from a reciprocating pump. Cast-steel valve boxes or " pots " are common
practice, and great care is exercised in the arrangement of all waterways, to
avoid the occurrence of inertia forces, which would cause pressures in excess
of the necessary pumping pressure. The number of reciprocations per
minute has an important bearing on the pump stresses, and it will be found
that for normal sizes of mine pumps 40 or 50 r.p.m. is usual, and the limiting
range rarely goes beyond 30 to 60 r.p.m. The permissible loads on the
various moving parts depend upon the surface speeds of the bearings, and
upon whether the stresses are alternating or constantly in one direction.
For main crank-shaft journals pressures between 400 and 600 Ib. per square
inch are usual; the crosshead pin 1000 to 1200 Ib. per square inch, the cross-
head slipper about 40 to 50 Ib. per square inch (for cast iron on cast iron),
and crank pin pressures of 600 to 800 Ib. per square inch are all good prac-
tice. The design of the various details for stiffness and rigidity follows
well-known methods common to all classes of machinery. The propor-
tioning of the gearing is a matter of very great importance to ensure that
only very low tooth pressures are employed, and every care taken to produce
as vibrationless a transmission as possible. The valves and seatings are of
various types according to the size of the pump, the nature of the water,
and the experience of the manufacturer. For small pumps, valves similar
to fig. 5, c, are used, though often supplemented by a joint ring of leather or
cotton-reinforced balata to improve the joint when the water is dirty, and
so avoid the very serious scoring through the faces which otherwise occurs
with high pressures. A similar idea is very successfully carried out on
ring valves in the manner shown at fig. 9, b, where the metal portion of the
valve carries the weight, and the leather or other jointing material provides
the true joint. India-rubber valves are used for light duties on some mine
pumps, but are not advisable for heads greater than 250 ft, with ordinary
valves, or 500 ft. on rotating valves. Raw hide has been found satisfactory
as a seating ring for the highest pressures dealt with. Heavy double-beat
valves of the forms shown in fig. 5,^, and more frequently fig. 5, h, are some-
times fitted into the valve pots of mine pumps; the latter valve when fitted
with raw hide or special leather seating rings is very serviceable.
A pump of the double-acting duplex form, built by Messrs. The Prescott
Company, of Menominee, Michigan, United States, is shown in fig. 17.
These units are built for capacities up to 4000 imperial gallons per minute,
and pressures not exceeding 500 ft. head.   The plungers are centrally packed,
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